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SPECIFICATION 



TITLE OF THE INVENTION 
TESTING DEVICE AND TESTING METHOD 
5 FOR SEMICONDUCTOR INTEGRATED CIRCUITS 



BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a testing device and 
10 testing method for a semiconductor integrated circuit (e.g. , 

a LCD driver IC, etc.) that incorporates a multiple number 
of D/A converters and outputs voltages from the D/A converters 
via the associated output terminals, and particularly 
relates to a testing device and testing method which can 
15 examine the output voltages from the D/A converters, very 

quickly with high accuracy. 

(2) Description of the Prior Art 

With the development of LCD panels into a high precision 
configuration, LCD driver LSIs incorporated in LCD panels 

20 have become developed to deal with a greater number of outputs 

and a greater number of tones. For such tonal display, each 
output circuit in the LCD driver LSI incorporates its own 
D/A converter to output a tonal voltage. For example, a 6 
bit D/A converter can display 64 levels of tones while a 8 

25 bit D/A converter can display 256 levels of tones. 
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Upon the test for such a LCD driver LSI, it is checked 
if all the tonal voltage levels output from Individual D/A 
converters fall within respective correct ranges and if the 
values of a tonal voltage level for all D/A converters meet 
5 the predetermined uniformity. 

Fig.l is a conceptual view illustrating a conventional 
testing method by using a test example of a LCD driver LSI 
incorporating 'm' output DA converts each having 'n' tonal 
levels . 

10 A semiconductor testing device (tester) is used to 

supply an input signal to an LCD driver LSI 51 so that each 
D/A converter 52 outputs a voltage level corresponding to 
the first tonal level. The voltage levels corresponding to 
the first tonal level are output from associated output 

15 terminals (Yl, Ym) of LCD driver LSI 51 and input to 

input channels (lch, mch) of tester 53. In tester 53, 

matrix switches 54 are sequentially turned on and off so that 
the outputs corresponding to the first tonal level are 
sequentially measured from the first output to the m-th output , 

20 one by one, using a high accuracy analog voltage measuring 

device 55 incorporated in the tester. The measured results 
are sequentially stored in an incorporated data memory 56. 
This process is repeated for ' n' tonal levels until all pieces 
of data relating to all the outputs (m outputs) for all tonal 

25 levels (n levels) can be stored into memory 56. As a result. 
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m x n pieces of data will be stored into memory 56. The data 
stored in this memory 56 is subjected to a series of logical 
and arithmetical operations through an unillustrated 
processing unit incorporated in tester 53 so as to check each 
5 tonal voltage value of each output and the uniformity of each 

tonal voltage level between all the outputs . 

In such a test of a LCD driver LSI 51, with the 
development towards a greater number of outputs and a greater 
number of tones, the amount of data to be picked up and the 

10 time required for data processing increase, so that the 

testing time increases sharply. Further, increase of the 
tonal levels in number requires a greater precision for 
measuring the voltage of each tonal level, needing a further 
longer testing time and also an expensive semiconductor 

15 testing device incorporating a high precision voltage 

measuring device . 

As stated above, as LCD driver LSIs have become developed 
to deal with a greater number of outputs and a greater number 
of tones, the conventional testing method needs a much longer 

20 testing time and also needs an expensive semiconductor 

testing device incorporating a high precision voltage 
measuring device. Thus, the test cost is increasing more and 
more . 

As a conventional semiconductor testing device to solve 
25 the above problems, Japanese Patent Application Laid-Open 
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Hex 9 No. 312569 has proposed a semiconductor testing device. 

Fig. 2 is a block diagram showing the configuration of 
the semiconductor testing device disclosed in Japanese 
Patent Application Laid-Open Hei 9 No. 31256 9. 
5 That is, the D/A converter testing device of this 

disclosure includes: a digital signal generator 60 for 
generating n-bit digital data; a clock generator 61; a D/A 
converter DUT 62 of a device under test which receives the 
data from digital signal generator 60 and a clock signal from 

10 clock generator 61 and outputs an analog signal Vg; a 

reference (REF) D/A converter 63 which receives the data 
branched from digital signal generator 60 and the clock signal 
branched from clock generator 61 and outputs a reference 
voltage Vref ; a differential amplifier 64 receiving the 

15 output from D/A converter DUT 62 of the device under test 

at its one input and the output from reference D/A converter 
63 at the other input to effect differential amplification; 
and a dual comparator 65 which receives the differential 
amplification output from differential amplifier 64 and 

20 checks if the signal in question falls in the allowable range 

between the upper and lower boundaries . With the above 
configuration, it is possible to provide a D/A converter 
testing device that provides a high throughput. 

However, the semiconductor testing device (D/A 

25 converter testing device) disclosed in Japanese Patent 
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Application Laid-Open Hei 9 No. 312569 has suffered from the 
following difficulties. That is, in the D/A converter 
testing device shown by Japanese Patent Application 
Laid-Open Hei 9 No. 312569, since the same signals are input 
5 to both D/A converter DUT 62 of the device under test and 

reference D/A converter 63, it is necessary to use a 
non- defective D/A converter of the device under test for 
reference D/A converter 63. This is because the number of 
terminals is different depending upon the number of tones 

10 reproduced by the D/A converter of the device under test. 

Therefore, if a different type of D/A converter is to be tested, 
there is a need to have an extra non-defective D/A converter 
of the same type as the D/A converter as a reference D/A 
converter. That is, the difficulties of the testing device 

15 shown by Japanese Patent Application Laid-Open Hei 9 

No. 312569 is that there is a need to have a non-defective 
high-quality reference D/A converter for each type of D/A 
converter of the device to be tested or for each type of 
semiconductor integrated circuit incorporating a D/A 

20 converter to be tested. 

SUMMARY OF THE INVENTION 
The present invention has been completed in view of the 
above prior art difficulties, and it is therefore an object 
25 of the present invention to provide a testing device and 
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testing method for semiconductor integrated circuits which 
can markedly reduce the test time and enables a conventional 
inexpensive testing device to perform highly accurate 
testing without the necessity of providing a separate 
reference voltage generator for each type of semiconductor 
integrated circuits to be tested. 

In order to achieve the above object, the present 
invention is configured as follows: 

In accordance with the first aspect of the present 
invention, a testing device for a semiconductor integrated 
circuit which incorporates a multiple number of D/A 
converters and outputs voltages from the D/A converters via 
associated output terminals, includes: 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
can selectively output multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits; 

a multiple number of differential amplifiers, each 
having two input terminals, one for receiving the output 
voltage output from the associated output terminal and the 
other for receiving the reference voltage from the reference 
voltage generator; and 

a comparator that receives the amplified output 



voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 
of the differential amplifiers falls within a given voltage 
range . 

In accordance with the second aspect of the present 
invention, the testing device for semiconductor integrated 
circuits having the above first feature is characterized in 
that the reference voltage generator is a D/A converter which 
receives a digital data signal different from that of the 
D/A converters incorporated in the semiconductor integrated 
circuit to generate the multiple number of reference voltages 
and can selectively output a necessary set of reference 
voltages from the multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits, in accordance with the selection of the 
digital data signal - 

The third aspect of the present invention resides in 
a testing method for a semiconductor integrated circuit which 
incorporates a multiple number of D/A converters and outputs 
voltages from the D/A converters via associated output 
terminals, wherein a testing device for semiconductor 
integrated circuits is used which comprises : 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
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can selectively output multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits; 

a multiple number of differential amplifiers, each 
having two input terminals, one for receiving the output 
voltage output from the associated output terminal and the 
other for receiving the reference voltage from the reference 
voltage generator; and 

a comparator that receives the amplified output 
voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 
of the differential amplifiers falls within a given voltage 
range, wherein the reference voltage generator includes a 
D/A converter which receives a digital data signal different 
from the signals to the D/A converters incorporated in the 
semiconductor integrated circuit to generate the multiple 
number of reference voltages and can selectively output a 
necessary set of reference voltages from the multiple sets 
of reference voltages required for testing multiple kinds 
of semiconductor integrated circuits, in accordance with the 
selection of the digital data signal, 
the method comprising: 

the first step for calculating the difference between 
the reference voltage generated from the reference voltage 
generator of the testing device and the output voltage output 
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from each output terminal, for all the output terminals; 

the second step for amplifying the values obtained from 
the first step; and 

the third step for judging at one time whether all the 
5 amplified differential values obtained in the second step 

in association with respective output terminals fall within 
the first given voltage range. 

In accordance with the fourth aspect of the present 
invention, the testing method for semiconductor integrated 
10 circuits having the above third feature, comprises the above 

first through third steps and is characterized in that even 
if the output from the device under test varies, the first 
given voltage range can be kept at constant by computing the 
difference between the output from the device under test and 
15 the associated reference voltage generated from the above 

reference voltage. 

In accordance with the fifth aspect of the present 
invention, the testing method for semiconductor integrated 
circuits having the above third feature, further comprises: 
20 the fourth step for decreasing the width of the first 

given voltage range by a multiple of the predetermined voltage 
width to set up a second given voltage range; and 

the fifth step for judging at one time whether all the 
amplified differential values associated to respective 
25 output terminals fall within the second given voltage range. 



10 



and is characterized in that the fourth and fifth steps are 
repeated until the judgment at the fifth step changes. 

In accordance with the sixth aspect of the present 
invention, the testing method for semiconductor integrated 
circuits having the above fifth feature is characterized in 
that, based on the value of the second given voltage range 
when the judgment at the fifth step changes, the devices under 
test are classified into a plurality of ranks. 

In accordance with the seventh aspect of the present 
invention, the testing method for semiconductor integrated 
circuits having the above fifth feature is characterized in 
that the width of the second given range is made narrower 
as the above fourth and fifth steps are repeated. 

The eighth aspect of the present invention resides in 
a storage medium for storing the program for a computer to 
execute a testing method for a semiconductor integrated 
circuits which incorporates a multiple number of D/A 
converters and outputs voltages from the D/A converters via 
associated output terminals, wherein a testing device for 
semiconductor integrated circuits is used which comprises: 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
can selectively outputs multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
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Integrated circuits ; 

a multiple number of differential amplifiers, each 
having two input terminals, one for receiving the output 
voltage output from the associated output terminal and the 
5 other for receiving the reference voltage from the reference 

voltage generator; and 

a comparator that receives the amplified output 
voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 

10 of the differential amplifiers falls within a given voltage 

range, wherein the reference voltage generator includes a 
D/A converter which receives a digital data signal different 
from the signals to the D/A converters incorporated in the 
semiconductor integrated circuit to generate the multiple 

15 number of reference voltages and can selectively output a 

necessary set of reference voltages from the multiple sets 
of reference voltages required for testing multiple kinds 
of semiconductor integrated circuit, in accordance with the 
selection of the digital data signal, 

20 the method comprising: 

the first step for calculating the difference between 
the reference voltage generated from the reference voltage 
generator of the testing device and the output voltage output 
from each output terminal, for all the output terminals; 

2 5 the second step for amplifying the values obtained from 
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the first step; and 

the third step for judging at one time whether all the 
amplified differential values obtained in the second step 
in association with respective output terminals fall within 
5 the first given voltage range, wherein even if the output 

from the device under test varies, the first given voltage 
range can be kept at constant by computing the difference 
between the output from the device under test and the 
associated reference voltage generated from the above 
10 reference voltage. 

The ninth aspect of the present invention resides in 
; a storage medium for storing the program for a computer to 

execute a testing method for a semiconductor integrated 
circuits which incorporates a multiple number of D/A 

- 

15 converters and outputs voltages from the D/A converters via 

associated output terminals, wherein a testing device for 
semiconductor integrated circuits is used which comprises : 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
20 output voltage output from each of the output terminals and 

can selectively outputs multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits; 

a multiple number of differential amplifiers, each 
25 having two input terminals, one for receiving the output 
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voltage output from the associated output terminal and the 
other for receiving the reference voltage from the reference 
voltage generator; and 

a comparator that receives the amplified output 
voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 
of the differential amplifiers falls within a given voltage 
range, wherein the reference voltage generator includes a 
D/A converter which receives a digital data signal different 
from the signals to the D/A converters incorporated in the 
semiconductor integrated circuit to generate the multiple 
number of reference voltages and can selectively output a 
necessary set of reference voltages from the multiple sets 
of reference voltages required for testing multiple kinds 
of semiconductor integrated circuit, in accordance with the 
selection of the digital data signal, 
the method comprising: 

the first step for calculating the difference between 
the reference voltage generated from the reference voltage 
generator of the testing device and the output voltage output 
from each output terminal, for all the output terminals; 

the second step for amplifying the values obtained from 
the first step; 

the third step for judging at one time whether all the 
amplified differential values obtained in the second step 
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in association with respective output terminals fall within 
the first given voltage range, wherein even if the output 
from the device under test varies, the first given voltage 
range can be kept at constant by computing the difference 
between the output from the device under test and the 
associated reference voltage generated from the above 
reference voltage; 

the fourth step for decreasing the width of the first 
given voltage range by a multiple of the predetermined voltage 
width to set up a second given voltage range; and 

the fifth step for judging at one time whether all the 
amplified differential values associated to respective 
output terminals falls within the second given voltage range, 
wherein the fourth and fifth steps are repeated until the 
judgment at the fifth step changes. 

In accordance with the tenth aspect of the present 
invention, the storage medium for storing the program for 
a computer to execute the testing method for semiconductor 
integrated circuits having the above ninth feature is 
characterized in that , based on the value of the second given 
voltage range when the judgment at the fifth step changes, 
the devices under test are classified into a plurality of 
ranks . 

In accordance with the eleventh aspect of the present 
invention, the storage medium for storing the program for 
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a computer to execute the testing method for semiconductor 
integrated circuits having the above ninth feature is 
characterized in that the width of the second given range 
is made narrower as the above fourth and fifth steps are 
repeated. 

According to the testing device and testing method for 
semiconductor integrated circuits of the present invention, 
the output voltage output from the output terminal of each 
D/A converter in a semiconductor integrated circuit is 
compared to the reference voltage in each differential 
amplifier. The results, i.e. , the amplified output voltages 
from the individual differential amplifiers are input in 
parallel to a comparator. In the comparator, it is judged 
as to whether the amplified output voltage from each of the 
differential amplifiers falls within the given voltage 
range . 

According to the testing device and testing method for 
semiconductor integrated circuits of the present invention, 
it is possible to markedly reduce the test time by using a 
comparator which effects simultaneous judgements of all the 
amplified output voltages, in testing a semiconductor 
integrated circuit such as a LCD driver LSI which has been 
developed to deal with a greater number of outputs and a 
greater number of tones. Further, the testing device of the 
present invention enables high accuracy testing using a 
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conventional inexpensive tester without the necessity of a 
high accuracy analog voltage measuring device for voltage 
measurement as in the conventional configuration, thus 
making it possible to sharply reduce the testing cost. It 
5 is possible to classify the quality of each device based on 

the variation in voltage output, so that applications of the 
LCD panel to which the device is applied can be enlarged, 
thus making it possible to improve the production yield and 
reducing LCD drivers to fair price. Further, since the 

10 reference voltage generator is commonly used for testing 

multiple kinds of semiconductor integrated circuits, it is 
no longer necessary to provide a separate reference voltage 
generator for each type of semiconductor integrated circuit 
under test. Consequently, the present invention enables 

15 only a single testing device to achieve efficient testing 

of multiple kinds of semiconductor integrated circuits. 

The width of the first given voltage range is made 
narrower by a multiple of the predetermined voltage width 
to set up a second given voltage range, and it is judged at 

20 the same time whether all the differential amplified values 

from all the associated output terminals fall within the 
second given voltage range. The devices under test are 
classified into multiple ranks , based on the second given 
voltage range which is determined by checking the change in 

25 the pass/reject judgement result. Therefore, it is 



possible to classify the quality of each device based on the 
variation in voltage output, so that usage of the LCD panel 
to which the device is applied can be enlarged, thus making 
it possible to improve the production yield and reducing LCD 
drivers to fair price. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a block diagram showing the configuration of 
a conventional testing device; 

Fig. 2 is a block diagram showing the configuration of 
another conventional testing device; 

Fig. 3 is a block diagram showing a configuration of a 
LCD driver LSI testing device in accordance with one 
embodiment of the present invention; 

Fig . 4 is a voltage waveform chart for illustrating the 
operation of the same embodiment; 

Fig. 5 is a block diagram showing the configuration of 
the converter shown in Fig. 3; 

Fig. 6 is a flowchart showing the operation of the same 
embodiment ; 

Fig. 7 is an illustrative view showing the scheme for 
narrowing down the first given voltage range in accordance 
with a second embodiment of the present invention; and 

Fig. 8 is a flowchart showing the operation of the second 
embodiment . 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The present invention will hereinafter be described in 
detail with reference to the embodiments of the invention. 

Fig. 3 is a block diagram showing a configuration of a 
LCD driver LSI testing device in accordance with one 
embodiment of the present invention. Fig. 3 shows a case 
where m-output, n-tonal LCD driver LSI is tested. Fig. 4 is 
a voltage waveform chart for illustrating the operation of 
the testing device shown in Fig. 3. 

A LCD driver LSI 1 has m output terminals 3 . Each output 
terminal 3 is connected to the output terminal of an 
associated D/A converter 2. Each D/A converter 2 outputs a 
tonal voltage for n-levels of tones. The tonal voltage 
outputs from all output terminals 3 are supplied in parallel 
to a differential amplifier module array 4 made up of a number 
of differential amplifiers 5 . More specifically, each of the 
tonal voltage outputs is input to one of the two inputs to 
the associated differential amplifier 5. 

Designated at 8 is a voltage generator for sequentially 
generating n-levels of reference voltages (expected 
voltages ) to be compared to the aforementioned tonal voltages . 
The expected voltage output from voltage generator 8 is output 
to a common input terminal 7 which is input to the other 
terminals of all differential amplifiers 5 constituting 
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differential amplifier array module 4. This reference 
voltage generator 8 is configured so as to be able to be 
commonly used for testing of different kinds of LCD driver 
LSIs, each having different D/A converter's tonal output 
level sets from others. More specifically, the reference 
voltage generator is able to generate a multiple number of 
tonal voltages, in increments of Vmin, a predetermined, 
smallest voltage step, in accordance with the input digital 
data, and is able to sequentially generate the desired tonal 
voltages when multiple pieces of digital data corresponding 
to the standard multiple tonal voltages to be output from 
a LCD driver LSI 1 under test are selected and sequentially 
supplied to the reference voltage generator. That is, 
selection of the digital data supplied to this reference 
voltage generator 8 enables free generation of a different 
set of reference voltages required for LCD driver LSIs 1 of 
a desired type. Alternatively, the reference voltage 
generator may also be configured in the following manner. 
That is, if all the sets of the tonal voltages to be output 
from D/A converters incorporated in different types of 
semiconductor integrated circuits to be tested by the testing 
device having the reference voltage generator are known, it 
is possible to configure the reference voltage generator so 
as to be able to output all the tonal voltages in accordance 
with the input digital data signal (in this case, the voltage 
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difference between adjacent output reference voltages is not 
always constant, differing from the above configuration) . 
Thereby, it is possible to configure a reference voltage 
generator which can selectively generate multiple sets of 
reference voltages, required for testing of the multiple 
kinds of semiconductor integrated circuit . 

As shown in Fig. 4, each differential amplifier 5 
produces an amplified output voltage which is obtained by 
amplifying the voltage deviation of a tonal voltage 13 output 
from LCD driver LSI 1 from an expected voltage 14 output from 
voltage generator 8 (e.g., VI, V2 and V3, shown in Fig. 4) 
by a given ratio (e.g., 100 times or greater). This 
amplifying process of the voltage deviation by means of 
differential amplifiers 5 assures high precision in the 
comparing judgement in a subsequent comparator 12 . The above 
amplified output voltages are output from differential 
amplifiers 5 via output terminals 9 , which are connected to 
associated input channels 11 of a tester 10, so that each 
amplified output voltage is input to tester 10. A comparator 
12 as a part of tester 10 checks all the amplified output 
voltages, at the same time, judging whether the amplified 
output voltage supplied from each differential amplifier via 
associated input channel 11 falls within the given range (for 
example, whether the voltage deviation falls within the range 
of ±20 mV, for 64 tones, and within the range of ±5 mV, for 



256 tones), and outputs a judgement signal which indicates 
that all the input voltages fall within the associated voltage 
ranges or that any of the input voltages falls outside the 
predetermined range. 

Fig. 5 shows a block diagram of this comparator 12. In 
this figure, 15 designates a voltage comparator, 16 and 17 
are both AND circuits . VH is the upper limit voltage of the 
given voltage range and VL is the lower limit voltage of the 
given voltage range. In this configuration, if all the 
amplified output voltages supplied from differential 
amplifiers 5 fall within the given voltage range, AND circuit 
17 produces the H- level output. If one of the amplified 
output voltages falls output the given voltage range, AND 
circuit 17 produces the L-level output. 

The testing device of the present embodiment can be 
realized by adding only a differential amplifier array module 
4 and a voltage generator 8 to a conventional tester 10 of 
a built-in comparator type. That is, combination of only 
some small devices with the existing device enables provision 
of a markedly useful testing device which can effect high 
accurate testing in a short period. 

The operation of the testing device of the present 
embodiment will be described hereinbelow. Fig. 6 is a 
flowchart showing the operation of this embodiment. 

To begin with, LCD driver LSI 1 is set and operated so 
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that the tonal voltage representing the first tone is output 
from 'm' output terminals 3 (SI). The tonal voltages output 
from 'm' output terminals 3 are input in parallel to 
associated differential amplifiers 5 through their input 
5 terminals 6, one of the two being input to each differential 

amplifier. Voltage generator 8 is controlled, as it is 
supplied with the predetermined digital data signal, so as 
to generate an expected voltage corresponding to the first 
tonal voltage in LCD driver LSI 1 under test (S2). This 

10 expected voltage is input to the other input terminal (common 

input terminal) 7 of each differential amplifier 5. 

At S3, each differential amplifier 4, based on the 
associated input voltage, calculates the difference between 
the first tonal voltage output from the associated terminal 

15 of LCD driver LSI 1 and the expected voltage (S3) and amplifies 

the calculation by a given magnification (e.g., 100 times 
or greater) ) so as to produce a voltage-amplified output 
voltage (S4). The voltage-amplified output voltages from 
all amplifiers 4 are input in parallel to tester 10 , in which 

20 a given voltage range has been set up (S5) . In comparator 

12 of tester 10, it is judged whether each voltage -amplified 
output voltage falls within the given voltage range (S6). 
In this judgement, when AND circuit 17 produces the L-level 
output, which means that any of the output voltages is judged 

25 to fall out of the given range, the testing operation is 
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stopped at that point so that the LSI under test is rejected 
as a defective (S7). On the contrary, when AND circuit 17 
produces the H-level output, which means that all the output 
voltages are judged to fall within the given voltage range, 
the operation goes to the next step, i.e., the test on the 
second tonal voltage level (S8). 

Specifically, LCD driver LSI 1 is operated so as to 
output the tonal voltage representing the second tone from 
'm' output terminals 3 (SI) . The tonal voltages output from 
'm' output terminals 3 are input in parallel to associated 
differential amplifiers 5 through their input terminals 6, 
one of the two input to each differential amplifier. Voltage 
generator 8 is set and controlled, as it is supplied with 
the predetermined digital data signal, so as to generate an 
expected voltage 14 corresponding to the second tonal voltage 
13 in LCD driver LSI 1 under test (S2 ) . This expected voltage 
is input to the other input terminal (common input terminal) 
7 of each differential amplifier 5 . Each differential 
amplifier 5, based on the associated input voltage, 
calculates the difference between the second tonal voltage 
output from the associated terminal of LCD driver LSI 1 and 
the expected voltage (S3 (the first step)) and amplifies the 
calculation by a given magnification (e.g., 100 times or 
greater) ) so as to produce a voltage -amplified output voltage 
(S4(the second step)). The voltage-amplified output 
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voltages from all amplifiers 4 are input in parallel to tester 
10, in which a given voltage range has been set up (S5) . In 
comparator 12 of tester 10, it is judged whether each 
voltage- amplified output voltage falls within the given 
voltage range (S6(the third step) ) . In this judgement, when 
AND circuit 17 produces the L-level output, which means that 
any of the output voltages is judged to fall out of the given 
range, the testing operation is stopped at that point so that 
the LSI under test is rejected as a defective (S7). On the 
contrary, when AND circuit 17 produces the H- level output, 
which means that all the output voltages are judged to fall 
within the given voltage range, the operation goes to the 
next step, i.e., the test on the third tonal voltage level 
(S8) . 

The same test will he repeated until the test on the 
n-th tonal voltage is completed. Thus, it is possible to 
check all the tonal voltages output from individual D/A 
converters incorporated in the LCD driver LSI. 

Next, another embodiment according to the present 
invention will be described. 

Tonal voltage waveform 13 output from LCD driver 1 having 
a plurality of DACs presents voltage deviations VI, V2 and 
V3 with respect to the expected voltage waveform 14, as shown 
in Fig. 4. These deviations are attributed to the voltage 
deviation at the output voltage from individual DACs 2 in 
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LCD driver 1 . Detection of the amount of voltage deviation 
also takes an important role in the LCD driver test . 

In the conventional scheme, all the levels of the tonal 
voltages are first determined by the high-precision analog 
measuring device and these values are subjected to the 
predetermined arithmetic operation in the tester so as to 
determine the variations in voltage. However, according to 
the former embodiment, the differential voltages output from 
differential amplifiers 5 are input to comparator 15 where 
each input is always compared with constant voltages VH and 
VL set therein. In contrast, in the present embodiment, the 
levels of these VH and VL are adapted to be varied individually, 
so that the voltage difference between the level on the VH 
side at which the device under test will translate from the 
pass to the reject and the level on the VL side at which the 
device under test will translate from the pass to the reject 
can thereby be determined. 

Now a specific embodiment will be described referring 
to actual numerals . 

In the example of the numeric measurement shown in Fig. 7 , 
it is checked whether all the outputs corresponding to an 
ideal value fall within the range between VOH = 2V and VOL 
= IV. The present embodiment provides a further detailed 
evaluation of the devices (VOH = 2 V, VOL = 1 V: the first 
given voltage range) . 
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First, VOH is varied from 2 V with decrements of 0.1 

V so as to detect the point at which the device under test 
becomes rejected. That is, the maximum value or the farthest 
value from the ideal value among all the pins becomes the 
•reject' point, and suppose pin 2 shown in Fig. 7 has the 
maximum value , VOH=1.86Vis determined as the 'reject' point. 

In a similar manner, VOL is varied from 1 V with 
increments of 0.1 V so as to detect the point at which the 
device under test becomes rejected. 

In this case, the minimum value or the farthest value 
from the ideal value among all the pins becomes the 'reject* 
point , and suppose pin 1 shown in Fig . 7 has the minimum value , 
VOH =1.24V is determined as the 'reject' point {VOH = 1.86, 

V VOL = 1.24 V: the second given voltage range) . The range 
from VOL =1.24 V to VOH = 1.86 V detected here represents 
the variation of all the pins and the devices can be ranked 
or their usage can be classified according to this value . 
In the above description, the reference values are varied 
by steps of 0.1 V, but this varying unit can be made smaller 
so as to enhance the measuring accuracy. Here, VOH and VOL 
are set in tester 10. 

Fig. 8 is a flowchart showing the operation of the present 
embodiment. This flowchart shows the operation for a single 
tone, and the same reference numerals are allotted to those 
corresponding to Fig. 6. 
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This flowchart differs from that of Fig . 6 , in the steps 
of Sll, S12 and S13. That is, at S6 (the third step), when 
comparator 12 of tester 10 judges whether each voltage - 
amplified output voltage falls within the given voltage range 
and AND circuit 17 produces the H-level output, which means 
that all the output voltages are judged to fall within the 
given voltage range, the given voltage range is made narrower 
to set up a second given range (Sll, the fourth step) . Then, 
the operation returns again to S6 (the fifth step), where 
it is checked as to whether the voltage-applied output voltage 
falls within the second given voltage range. 

Upon the judgement at S6 (the fifth step), when AND 
circuit 17 produces the L- level output, which means that any 
of the output voltages is judged to fall out of the 
predetermined range, the voltage variation of the output 
voltages from the output terminals is extracted, and based 
on the obtained voltage variation, the device is ranked (S13) . 

As S6 and Sll are repeated, the width of the given voltage 
range is made narrower. In this way, it is possible to rank 
a semiconductor integrated circuit under test by specifying 
where in the voltage range the device belongs to. 

In the present invention, it is very effective if use 
is made of a storage medium that stores the program for 
allowing the computer to perform the above first through fifth 
testing steps. 
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As has been detailed heretofore, according to the 
testing device for semiconductor integrated circuits of the 
present invention, it is possible to markedly reduce the test 
time by using a comparator which effects simultaneous 
judgements of all the amplified output voltages, in testing 
a semiconductor integrated circuit such as a LCD driver LSI 
which has been developed to deal with a greater number of 
outputs and a greater number of tones. Further, the testing 
device of the present invention enables high accuracy testing 
using a conventional inexpensive tester without the 
necessity of a high accuracy analog voltage measuring device 
for voltage measurement as in the conventional configuration, 
thus making it possible to sharply reduce the testing cost . 
It is possible to classify the quality of each device based 
on the variation in voltage output, so that applications of 
the LCD panel to which the device is applied can be enlarged, 
thus making it possible to improve the production yield and 
reducing LCD drivers to fair price. Further, since the 
reference voltage generator is commonly used for testing 
multiple kinds of semiconductor integrated circuits , it is 
no longer necessary to provide a separate reference voltage 
generator for each type of semiconductor integrated circuit 
under test. Consequently, the present invention enables 
only a single testing device to achieve efficient testing 
of multiple kinds of semiconductor integrated circuits. 
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WHAT IS CLAIMED IS: 

1 . A testing device for a semiconductor integrated circuit 
which incorporates a multiple number of D/A converters and 
outputs voltages from the D/A converters via associated 
5 output terminals, comprising: 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
can selectively output multiple sets of reference voltages 

10 required for testing multiple kinds of semiconductor 

integrated circuits ; 

a multiple number of differential amplifiers, each 
having two input terminals, one for receiving the output 
voltage output from the associated output terminal and the 

15 other for receiving the reference voltage from the reference 

voltage generator; and 

a comparator that receives the amplified output 
voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 

20 of the differential amplifiers falls within a given voltage 

range. 
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2 . The testing device for semiconductor integrated 
circuits according to Claim 1 , wherein the reference voltage 
generator is a D/A converter which receives a digital data 
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signal different from that of the D/A converters incorporated 
in the semiconductor integrated circuit to generate the 
multiple number of reference voltages and can selectively 
output a necessary set of reference voltages from the multiple 
sets of reference voltages required for testing multiple 
kinds of semiconductor integrated circuits, in accordance 
with the selection of the digital data signal. 

3 . A testing method for a semiconductor integrated circuit 
which incorporates a multiple number of D/A converters and 
outputs voltages from the D/A converters via associated 
output terminals, wherein a testing device for semiconductor 
integrated circuits is used which comprises: 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
can selectively output multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits; 

a multiple number of differential amplifiers, each 
having two input terminals, one for receiving the output 
voltage output from the associated output terminal and the 
other for receiving the reference voltage from the reference 
voltage generator ; and 

a comparator that receives the amplified output 
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voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 
of the differential amplifiers falls within a given voltage 
range, wherein the reference voltage generator includes a 
5 d/a converter which receives a digital data signal different 

from the signals to the D/A converters incorporated in the 
semiconductor integrated circuit to generate the multiple 
number of reference voltages and can selectively output a 
necessary set of reference voltages from the multiple sets 

10 of reference voltages required for testing multiple kinds 

of semiconductor integrated circuits , in accordance with the 
selection of the digital data signal, 
the method comprising: 

the first step for calculating the difference between 

15 the reference voltage generated from the reference voltage 

generator of the testing device and the output voltage output 
from each output terminal, for all the output terminals; 

the second step for amplifying the values obtained from 
the first step; and 

20 the third step for judging at one time whether all the 

amplified differential values obtained in the second step 
in association with respective output terminals fall within 
the first given voltage range. 
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4 . The testing method for semiconductor integrated 
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circuits according to Claim 3 comprising the above first 
through third steps, wherein even if the output from the 
device under test varies, the first given voltage range can 
be kept at constant by computing the difference between the 
5 output from the device under test and the associated reference 

voltage generated from the above reference voltage. 



5. The testing method for semiconductor integrated 

circuits according to Claim 3, further comprising: 
10 the fourth step for decreasing the width of the first 

given voltage range by a multiple of the predetermined voltage 

width to set up a second given voltage range ; and 

the fifth step for judging at one time whether all the 

amplified differential values associated to respective 
15 output terminals fall within the second given voltage range, 

wherein the fourth and fifth steps are repeated until the 

judgment at the fifth step changes. 



6 . The testing method for semiconductor integrated 
20 circuits according to Claim 5, wherein, based on the value 

of the second given voltage range when the judgment at the 
fifth step changes, the devices under test are classified 
into a plurality of ranks . 
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7. The testing method for semiconductor integrated 
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circuits according to Claim 5 , wherein the width of the second 
given range is made narrower as the above fourth and fifth 
steps are repeated. 

8 . A storage medium for storing the program for a computer 
to execute a testing method for a semiconductor integrated 
circuits which incorporates a multiple number of D/A 
converters and outputs voltages from the D/A converters via 
associated output terminals, wherein a testing device for 
semiconductor integrated circuits is used which comprises: 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
can selectively outputs multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits; 

a multiple number of differential amplifiers, each 
having two input terminals, one for receiving the output 
voltage output from the associated output terminal and the 
other for receiving the reference voltage from the reference 
voltage generator; and 

a comparator that receives the amplified output 
voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 
of the differential amplifiers falls within a given voltage 
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range, wherein the reference voltage generator includes a 
D/A converter which receives a digital data signal different 
from the signals to the D/A converters incorporated in the 
semiconductor integrated circuit to generate the multiple 
number of reference voltages and can selectively output a 
necessary set of reference voltages from the multiple sets 
of reference voltages required for testing multiple kinds 
of semiconductor integrated circuit , in accordance with the 
selection of the digital data signal, 
the method comprising: 

the first step for calculating the difference between 
the reference voltage generated from the reference voltage 
generator of the testing device and the output voltage output 
from each output terminal, for all the output terminals; 

the second step for amplifying the values obtained from 
the first step; and 

the third step for judging at one time whether all the 
amplified differential values obtained in the second step 
in association with respective output terminals fall within 
the first given voltage range, wherein even if the output 
from the device under test varies, the first given voltage 
range can be kept at constant by computing the difference 
between the output from the device under test and the 
associated reference voltage generated from the above 
reference voltage. 
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9 . A storage medium for storing the program for a computer 
to execute a testing method for a semiconductor integrated 
circuits which incorporates a multiple number of D/A 
converters and outputs voltages from the D/A converters via 
associated output terminals, wherein a testing device for 
semiconductor integrated circuits is used which comprises: 

a reference voltage generator which generates a 
multiple number of reference voltages to be compared to each 
output voltage output from each of the output terminals and 
can selectively outputs multiple sets of reference voltages 
required for testing multiple kinds of semiconductor 
integrated circuits; 

a multiple number of differential amplifiers, each 
having two input terminals , one for receiving the output 
voltage output from the associated output terminal and the 
other for receiving the reference voltage from the reference 
voltage generator; and 

a comparator that receives the amplified output 
voltages from the multiple number of differential amplifiers 
and judges whether the amplified output voltage from each 
of the differential amplifiers falls within a given voltage 
range, wherein the reference voltage generator includes a 
D/A converter which receives a digital data signal different 
from the signals to the D/A converters incorporated in the 
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semiconductor integrated circuit to generate the multiple 
number of reference voltages and can selectively output a 
necessary set of reference voltages from the multiple sets 
of reference voltages required for testing multiple kinds 
5 of semiconductor integrated circuit, in accordance with the 

selection of the digital data signal, 
the method comprising: 

the first step for calculating the difference between 
the reference voltage generated from the reference voltage 

10 generator of the testing device and the output voltage output 

from each output terminal, for all the output terminals; 

the second step for amplifying the values obtained from 
the first step; 

the third step for judging at one time whether all the 

15 amplified differential values obtained in the second step 

in association with respective output terminals fall within 
the first given voltage range, wherein even if the output 
from the device under test varies, the first given voltage 
range can be kept at constant by computing the difference 

20 between the output from the device under test and the 

associated reference voltage generated from the above 
reference voltage; 

the fourth step for decreasing the width of the first 
given voltage range by a multiple of the predetermined voltage 

25 width to set up a second given voltage range; and 
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the fifth step for judging at one time whether all the 
amplified differential values associated to respective 
output terminals falls within the second given voltage range, 
wherein the fourth and fifth steps are repeated until the 
5 judgment at the fifth step changes. 



I. 0. The storage medium for storing the program for a computer 
to execute the testing method for semiconductor integrated 
circuits according to Claim 9, wherein, based on the value 

10 of the second given voltage range when the judgment at the 

fifth step changes, the devices under test are classified 
into a plurality of ranks . 

II . The storage medium for storing the program for a computer 
15 to execute the testing method for semiconductor integrated 

circuits according to Claim 9, wherein the width of the second 
given range is made narrower as the above fourth and fifth 
steps are repeated. 
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ABSTRACT OF THE DISCLOSURE: 

A testing device for LCD driver LSIs, includes: a voltage 

generator which generates a multiple number of expected 
voltages to be compared to each output voltage output from 

each of the output terminals and can selectively output 
multiple sets of reference voltages required for testing 

multiple kinds of semiconductor integrated circuits; a 
multiple number of differential amplifiers , each having two 
input terminals , one for receiving the output voltage output 
from each of the output terminals and the other for receiving 
the reference voltage from the reference voltage generator; 
and a comparator that receives the amplified output voltages 

from the multiple number of differential amplifiers and 
judges whether the amplified output voltage from each 
differential amplifier falls within the given voltage range. 
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